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feESS MAIL NO. EL755722378US 



SYSTEMS, APPARATUS AND METHODS FOR BONDING AND/OR SEALING 
ELECTROCHEMICAL CELL ELEMENTS AND ASSEMBLIES 



TECHNICAL FIELD 

The present invention relates to electrochemical energy converters with 
5 polymer electrol^ membranes, su$fr as fuel cells or electrolyzer cells or stacks of such 
cells, wherein the cells or stacks comprise adhesively bonded and/or sealed layers . 

t. , 
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BACKGROUND OF THE INVENTION 
I Electrochemical cells comprising solid polymer electrolyte membranes may 

1 be operated as fuel cells wherein a fuel and an oxidant are electrochemically converted at 

i 10 the cell electrodes to produce electrical power, or as electrolyzers wherein an external 
electrical current is passed between the cell electrodes, typically through water, resulting in 
generation of hydrogen and oxygen at the respective electrodes. Figures 1-4 collectively 
i illustrate typical designs of a conventional ME A 5, electrochemical cell 10 comprising a 

PEM layer 2, and a stack 100 of such cells. 
1 15 / Each cell 10 comprises a membrane electrode assembly ("MEA") 5 such as 

that illustrated in an exploded view in Figure 1. MEA 5 comprises an ion exchange 
membrane layer 2 interposed between first and second electrode layers 1 and 3, 
respectively, which are typically porous and electrically conductive, and each of which 
comprises an electrocatalyst at its interface with the ion exchange membrane layer 2 for 
20 promoting the desired electrochemical reaction. The electrocatalyst generally defines the 
electrochemically active area of the cell. The MEA 5 is typically consolidated as a bonded 
laminated assembly. 

In an individual cell 10, illustrated in an exploded view in Figure 2, an 
MEA 5 is interposed between first and second cell separator plates 11 and 12, respectively, 
25 which are typically fluid impermeable and electrically conductive. The cell separator 
plates 11, 12 are typically manufactured from non-metals, such as graphite; from metals, 
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such as certain grades of steel or surface treated metals; or from electrically conductive 
plastic composite materials. 

Fluid flow spaces, such as passages or chambers, are provided between the 
cell separator plates 11, 12 and the adjacent electrode layers 1, 3 to facilitate access of 
5 reactants to the electrode layers and removal of products. Such spaces may, for example, 
be provided by and the porous structure of the corresponding electrode layers 1,3. More 
commonly channels are formed in the adjoining faces of the cell separator plates 11, 12, the 
electrode layers 1, 3, or both. Cell separator plates 11, 12 comprising such channels are 
commonly referred to as fluid flow field plates. Resilient gaskets or seals are typically 

10 provided around the perimeter of the flow fields between the faces of the ME A 5 and each 
of the cell separator plates 11, 12 to prevent leakage of fluid reactant and product streams. 

Electrochemical cells 10 with ion exchange membrane layers 2 are 
advantageously stacked to form a stack 4 00 (see Figure 4) comprising a plurality of cells 
disposed between first and second end plates 17, 18. A compression mechanism is 

15 typically employed to hold the cells 10 tightly together, to maintain good electrical contact 
between components, and to compress the seals. In the embodiment illustrated in Figure 3, 
each cell 10 comprises a pair of cell separator plates 11, 12, and an MEA 5 interposed 
therebetween. An alternative configuration has a single separator plate or "bipolar plate" 
interposed between pairs of ME As 5, contacting the cathode of one cell and the anode of 

20 the adjacent cell (except for the end cells). The stack 100 may comprise cooling layers 
interposed between every few cells 10 of the stack, or between each adjacent pair of cells. 
The' cooling layers may be formed within the cell separator plates, for example, or they 
may comprise channels in bipolar plates used in the stack. Cooling layers of the latter type 
are disclosed in commonly assigned U.S. Pat. No. 5,230,966. 

25 The illustrated cell elements have openings 30 formed therein which, in the 

stacked assembly, align to form fluid manifolds for supply and exhaust of reactants and 
products and, if cooling spaces are provided, for a cooling medium. Again, resilient 
gaskets or seals are typically provided between the faces of the MEA 5 and each of the cell 
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separator plates 11,12 around the perimeter of these fluid manifold openings 30 to prevent 
leakage and intermixing of fluid streams in the operating stack 100. 

SUMMARY OF THE INVENTION 

The present invention relates to apparatus, systems and methods for use in 
5 bonding one element of an electrochemical cell stack to another element in the stack and/or 
for sealing portions of the stack, such as the perimeter of a manifold opening in a cell 
separator plate. In one embodiment, the inventive method comprises providing a sealing 
surface on a first element of the stack with a complex groove having a raised portion and a 
depressed portion. Both the raised portion and the depressed portion lie below the plane of 

10 the sealing surface, but the depressed portion is further from the plane than the raised 
portion. The method then comprises depositing a bead of adhesive on the raised portion, 
such as by screen printing. When deposited, the bead projects above the plane of the 
sealing surface. The method then comprises abutting a second element of the stack against 
the first element. When the first and second elements of the stack are abutted, the adhesive 

15 is displaced in part from the raised portion of complex groove, and a portion of the bead of 
adhesive is received within the depressed portion of the groove. 

In another embodiment, the method comprises providing a complex groove 
having a single raised portion positioned between two depressed portions. The raised 
portion is again configured to receive the bead of adhesive. When the first element of the 

20 stack is abutted with the second element, however, a portion of the bead of adhesive is 
displaced into each of the two depressed portions. 

The present invention is also directed toward an electrochemical cell 
comprising a membrane electrode assembly positioned between first and second bodies, 
such as cell separator plates. The second body has a sealing groove with a complex cross- 

25 sectional shape. The sealing groove has a shallow portion that is wide enough to receive 
the volume of adhesive, and a deep portion configured to receive a portion of the adhesive 
that is displaced during assembly. 
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In another embodiment, the shallow portion of the sealing groove is curved 
to increase the strength of the bond between the first body and the second body. The 
curved shallow portion of the sealing groove is still wide enough to receive the bead of 
adhesive. Upon assembly, however, the bead is displaced along the entire width of the 
5 curved shallow portion. As a result, the bond between the first and second bodies is 
strengthened to better resist tension and shear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is an exploded isometric view of a membrane electrode assembly 
Q according to the prior art. 

S 10 Figure 2 is an exploded isometric view of an electrochemical cell according 

jff to the prior art. 

S Figure 3 is an exploded isometric view of an electrochemical cell stack 

jr according to the prior art. 

^ Figure 4 is an isometric view of an electrochemical cell stack according to 

^= 15 the prior art. 

CSS ; A 

fy Figures 5-7 are cross-sectional elevation views of a portion of a cell 

i ..,= 

1^=. separator plate, a screen mask and a squeegee, illustrating different steps in a screen 

printing process according to one embodiment of the present invention. 

Figure 8 is a cross-sectional elevation view of a cell separator plate, a 
20 membrane electrode assembly, and a bead of adhesive prior to assembly according to one 
embodiment of the present invention. 

Figure 9 is a cross-sectional elevation view of the cell separator plate, 
membrane electrode assembly, and adhesive of Figure 8 following assembly according to 
one embodiment of the present invention. 
25 Figures 10-15 are cross-sectional elevation views of portions of a pair of cell 

separator plates according to various embodiments of the present invention. 



4 



DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

The present invention is generally directed toward methods, systems and 
apparatus for use in electrochemical cells, such as fuel cells. Embodiments of the present 
invention may allow portions of the fuel cell to be sealed while providing a stronger bond 
5 between the respective portions of the cell. Many specific details of certain embodiments 
of the invention are set forth in the following description and in Figures 5-15 to provide a 
thorough understanding of such embodiments. One skilled in the art, however, will 
understand that the present invention may have additional embodiments, or may be 
practiced without several of the details described in the following description. 

10 Figures 5-7 illustrate a cell separator plate 110 and a screen mask 112 being 

used to apply an adhesive 114 to the cell separator plate prior to assembly of an 
electrochemical cell or cell stack. In the illustrated embodiment, the cell separator plate 
110 comprises a number of flow channels 116 for ultimately channeling coolant, fuel or 
oxidant to a membrane electrode assembly (not shown) or an adjacent cell separator plate. 

15 The cell separator plate 110 also has a sealing groove 118 used to bond the cell separator 
plate to an adjacent element in the cell or cell stack, and/or to seal a portion of the cell from 
other portions of the cell, from other portions of the stack, or from the external 
\ environment. 

In the illustrated embodiment, the sealing groove 1 1 8 incorporates a raised 
20 central portion 120 and a pair of opposing depressed portions 122. The raised central 
portion is sufficiently wide to receive and retain a bead of adhesive, as discussed below. 

The screen mask 1 1 2 of the illustrated embodiment can be fabricated from 
screen 124 and mask layers 125. Screen 124 may comprise a stainless steel or polymer 
mesh with a 71% open area, although it is appreciated that other materials or porosities 
25 would be interchangable, as understood in the art. Similarly, more or fewer mask layers 
can be used without departing from the spirit of the invention. Screen mask 112 has one or 
more masked portions 126 and an open portion 128. The open portions 128 are aligned 
with the raised central portion 120 of the sealing groove 118. Applicant understands that a 
single screen can also be used, as generally understood in the art. 
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In Figure 5, a mass of adhesive 114 is positioned against the screen mask 
112, and a squeegee 130 is positioned against the adhesive and moving the adhesive along 
the screen mask. The illustrated adhesive is an epoxy. Applicant appreciates that many 
other adhesives may also work, as generally understood in the art. In Figure 6, the 
5 squeegee 130 has moved the adhesive 114 past the open portion 128 of the screen mask 
112, and a portion of the adhesive 114 has filled the open portion of the screen mask. 
Alternatively, a two-squeegee process may be employed, wherein the first squeegee places 
the adhesive onto the screen mask and the second squeegee pushes the adhesive into the 
open portions thereof. The adhesive 114 within the open portion 128 of the screen mask 
p 10 112 may contact the raised central portion 120 of the sealing groove 118. Thus, as 

2S illustrated in Figure 7, when the screen mask 112 is raised away from the cell separator 

yy 

08 plate 110, the adhesive 114 remains on the raised central portion 120. In the illustrated 

Q embodiment, the bead of adhesive 114 ranges from 1.3-1.5 mm (0.050-0.060 inches) wide, 

= although this width, as well as the corresponding width of the raised central portion 120, 

^ 1 5 can vary. 

fin The above-described screen printing process can be used to apply a bead of 

rf§ adhesive to a cell separator plate or other elements of an electrochemical cell or cell stack. 

£*f The cell separator plate 110 carrying the adhesive 114 can subsequently be bonded to 

another separate cell separator plate, a membrane electrode assembly, an end plate or any 
20 other element in the electrochemical cell or cell stack assembly. For example, cell 
separator plates may be bonded together to form coolant channels at their interface. 
Applicant appreciates that the bead of adhesive could be applied to the mating surface of 
the element to be bonded, such that the raised central portion 120 of the sealing groove 118 
receives the bead of adhesive as the elements are brought into contact. Likewise, the bead 
25 of adhesive can be applied through any other means known in the art, such as via an 
automated nozzle or other system. 

The sealing groove 1 1 8 can circumscribe a manifold hole, such as a hole 
through which air, fuel or cooling fluid flows, or can circumscribe a flow field or a 
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membrane electrode assembly. As a result, the shape and path of the sealing groove is not 
considered to be essential to the present invention. 

Figure 8 illustrates a cell separator plate 210 and an electrode 211 from a 
membrane electrode assembly, according to another embodiment of the present invention. 
5 In this embodiment, the raised central portion 220 of the sealing groove 218 has a convex 
cross-sectional shape. The raised central portion 220 is sufficiently wide to support the 
entire bead of adhesive 214. As illustrated in Figure 9, after assembly the adhesive 214 is 
distributed along the entire raised central portion 220, and extends into the opposing 
depressed portions 222. The size of the bead of adhesive 214 is preselected such that the 

10 depressed portions 222 are partially filled with adhesive upon assembly. Because portions 
of the raised central portion 220 face in various directions, the bond between the adhesive 
and the raised central portion resists separation of the plates 210, 211 in both the axial 
direction A and the lateral direction L. The bond between the cell separator plates 210, 211 
is strengthened not only in an axial direction A but also in a lateral direction L, as well as 

1 5 along all positive and negative vector combinations thereof. 

Embodiments of the present invention have numerous advantages over the 
prior art. For example, the raised central portion of the sealing groove places the adhesive 
closer to the mating object, increasing the likelihood of a successful bond. The raised 
central portion also allows for the use of a smaller bead of adhesive. Using less adhesive 

20 reduces the risk of unwanted overflow, wherein adhesive between the mating surfaces 
prevents perfect mating. In the illustrated embodiment, because two depressed portions are 
positioned adjacent the raised central portion, one on each side thereof, it is highly unlikely 
that adhesive will leak from the sealing groove and interfere with the mating surfaces. As 
discussed above, a known quantity of adhesive is used that fills only a portion of each 

25 depressed groove. As a result, even with a margin of error, there is an available volume 
remaining in which adhesive can be displaced before it contacts the mating surface. Also, 
as discussed above, the contours on the raised central portion can increase the strength of 
the bond between the mating surfaces. 
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Figures 10-15 illustrate some of the many variations that can be made to the 
sealing groove as understood by the inventors. Many of these embodiments illustrate small 
changes. The inventors realize, however, that these small changes can be combined in 
many different ways to form even more variations. The inventors also realize that other 
5 modifications can be made without deviating from the spirit of the invention. 

Figure 10 illustrates a sealing groove 318 according to another embodiment 
of the present invention. In this embodiment, the raised central portion 320 has an upper 
surface 321 that has been treated to increase the surface's roughness. As a result, the upper 
surface 321 has an anchor pattern that further increases the bond between the adhesive and 
10 the raised central portion 320 of the sealing groove 318. 

In some embodiments, the sealing groove 318 may have an outer width W 
that ranges from 1.0-2.0 mm (0.040-0.080 inches), with the illustrated embodiment 
measuring 1 .5 mm (0.060 inches). The raised central portion may have an inner width w 
that measures between 0.25-1.3 mm (0.010-0.050 inches), with the illustrated embodiment 
15 measuring 1.0 mm (0.040 inches). The raised central portion may have a depth d below a 
mating surface 323 of the cell separator plate 310 measuring approximately 25-130 yon 
(0.001-0.005 inches), with the illustrated embodiment measuring 50 jum (0.002 inches). 
The depressed portions 322 may have a depth D below the mating surface 323 measuring 
approximately 130-630 jam (0.005-0.025 inches), with the illustrated embodiment 
20 measuring 200 \im (0.008 inches). 

Figures 11-14 illustrate four variations of sealing grooves 418, 518, 618, and 
718, respectively, according to alternate embodiments of the present invention. They 
collectively illustrate that the sealing groove can have rounded edges, beveled edges, 
concave surfaces and triangular grooves, in addition to the other features previously 
25 illustrated. 

Figure 15 illustrates a sealing groove 818 according to yet another 
embodiment of the present invention. In this particular embodiment, the sealing groove 
abuts an edge surface 819 of the electrochemical cell. Consequently, the depressed portion 
822 closest to the edge surface 819 does not have an outer wall, but instead opens to the 
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exterior environment. Adhesive positioned on the central raised finger 820 nonetheless is 
displaced into both of the depressed portions 822, as with the prior embodiments. 

From the foregoing it will be appreciated that, all the specific embodiments 
of the invention have been described herein for purposes of illustration, various 
modifications may be made without deviating from the spirit and scope of the invention. 
Accordingly, the invention is not limited except as by the appended claims. 



